The ionosphere have been subjected to investigation by both the geo-physic and geodesy communities. Each with their own concern on the different effects of the ionosphere.
Introduction
The iono phere have been subjected to investigation by both geo-physicist and geodesist. The primary concern to geode ist is largely on the propagation delay experienced by a radiowave signal from satellite to ground receiver. This delay results in errors in the point po itioning on the surface of the earth.
Various method of evaluating the total electron content along a signal path are reported. This includes the Faraday rotation technique (Flock , 1982) and the Differential Doppler Measurement approach (Leitinger et. a!. , 1975) .
This paper discuss the method developed in estimating the vertical electron content using the measured Doppler count at a single ground station . Signals at 150 MHz and 400 MHz transmitted by the TRANSIT satellites are utilized for that purpose. A dual frequency Transit receiver is used to collect the Doppler counts . A discussion on the development of the algorithm to be used in estimating the vertical electron content is pre ented .
Propagation in the Atmosphere

The Ionosphere
The term ionosphere is applied to that part of the atmosphere in which free electrons and ion ex1st m sufficient quantities to affect the propagation of radiowave. The ionosphere , can, therefore, be considered as that part of the atmosphere lying between about 40 to 50 km and several thou ands of kilometre above the earth . This definition is es entially that adopted by the Institute of Electrical and Electronomics Engineers (IEEE , 1972) .
Ionospheric Refractive Index
The propagation of radiowave in the ionosphere is affected by ionospheric refraction . The index of refraction for the ionosphere at a frequency f can be approximated by a simplified form of th e Appleton-Hartree formula {Black, 1981). It is given as :
n{,, f,t)~ [l~f"J'·')']~ and (1) (2) where fN(r ,t) is the electron plasma frequency at position rand time t and is a function of the electron density N. (r,t) . N. (r,t) is in electrons per cubic metre .
If we assumed that the plasma frequency which rarely exceed 15 MHz to be smaller than f, we may expand eqn. (1) in a rapidly converging series:
Ignoring the higher order terms and using eqn. (2), (4) Then to a first order approximation, the index of refraction can be expressed as:
From eqn. (5), we can see that the only parameter which contributes to the magnitude of the index of refractior'::l{or the ionosphere is the electron density Ne, which is the subject of this paper. The frequency f of the rauwwave is usually known.
Transit Doppler Observation
The Navy Navigational Satellite System or better known simply as the Transit Satellite System was first introduced in 1964 by the U.S . Navy. The principal function of this system is to provide a 24 hours, all weather point positioning capability both for the military and civilian users (Black, 1981) .
Doppler Measurement
In Transit Doppler positioning, a position is determined from a series of mea urements of the integrated Doppler hift of ignals transmitted during a pass of a Transit satellite.The satellite transmit two stable, harmonically related carrier frequencie at approximately 150 MHz and 400 MHz. Each of these frequencies undergoes a Doppler frequency shift due to relative velocity between satellite and receiver. The ionosphere enters to corrupt results by contributing to the measured intergrated frequency shift (Weiffenbach, 1965) . The rate of change of the ionospheric electron content along the sight line between the satellite and ground receiver further contributes to the measurement.
There are essentially three radio frequencies involved in this technique:
(1) f. : frequency of the satellite transmission,
(2) fr : frequency of the received signal,
(3) fg : comparison frequency generated in the receiver.
The relative motion of the atellite causes f 5 to be different from f 1 due to Doppler effect. Two time marks at T" Ti are transmitted by the satellite and arrive at the receiver at different times, at t, = T,+ S/c and tJ = TJ+ S/c where s, and 1 are di tances from receiver to satellite at T, and T 1 respectively, and c i the speed of light. The e times are u ed to derive the Doppler count N;i which is the integrated beat frequency fgfr between timet, and tr
The basic observable in the Transit System is the Doppler count and i expressed as :
Doppler Count as Source of Ionospheric Information
The propagation paths of the signals between satellite and ground receiver are changed in apparent le ngth due to the variations in the refraction indices of the iono phere .
The iono ·pheric contribution to the path length is expressed a, :
where n is the iono peric refractive index and ds is the small increment in distance along the signal path . Using eqn (5) lead to:
where the integration is along the path between ground tation G and satelliteS .
As mentioned earlier, the basic observable in the Transit System is the Doppler count N as shown in eqn. (6). This is basically the recording of the number of cycles received between the two time marks t, and ti. The ionospheric contribution to the Doppler counts is expressed as (Khairul, 1984) : 612 = Nobs-Nvac = J_(6~-6s 1 ) c where:
6 12 = ionospheric contribution to the Doppler counts, Nobs = observed Doppler counts, Nvac =Doppler count if observed in vacuum, and (9) 6s 2 6s 1 =excess paths travelled to the ground station by the signal from satellite at position I and 2 respectively due to the ionospheric refraction .
Since the Transit satellite emits two different frequencies at 150 MHz and 400 MHz, the ionospheric contribution to the Doppler counts 6 12 , at 400 MHz can be derived as (Wells, 1974): where: N 150 =observed Dopller counts at 150 MHz.
N 400 = observed Doppler counts at 400 MHz.
(10)
Using a Transit Satellite receiver, 6 12 can be collected at an interval of every 30 seconds over a period of approximately 24 minutes, i.e., the total period the atellite will be above the horizon during a single pass.
The Algorithm
As mentioned earlier, we expressed the ionospheric contribution to the Doppler count a : 6 12 = l_ (6s 2 -6s 1 ) c By utilizing eqn. (8) we may expand it and obtained the following expression:
where the subscript 1 and 2 denote two consecutive positions of the satellite along its trajectory. The above expression hows that it is possible to determine the total electron content along a path from satellite to receiver using the measured count differences. If the total electron content along the signal path to the satellite at position 1 is known, then we can compute the total electron content along the signal path to the satellite at position 2 and vice-versa. In general, no value of electron content from receiver to satellite , derived from other sources are available. Thus some assumptions about the state of the ionosphere during the duration of the satellite pass have to be made.
It is assumed that the ionosphere is a homogeneous layer at an effective height of maximum electron distribution and that the vertical distribution of electron density is independent of latitude . It i further assumed, the ionosphere does not change during the period (typically 24 minutes) of a pas .
As shown in Figure 1 .0, the vertical electron content above the observer's point G can be defined as:
where dh is a small increment in height perpendicular to the ground, and h is the height of the satellite. 3
For the slant electron content, it can be expres ed as :
where Is is the slant electron content , and
Using the assumption mentioned earlier , we would then have the following relation .
where :
The angle x is evaluated by choo ing a "mean iono pheric height" h;. It is not necessary to change h,, as a fixed value i good enough for most application . A rea onable value to adopt for h, would be about 400 km (Leitinger et. al. , 1979) .
Assuming a pherical earth, the angle x may be expressed as (Khairul , 1984) :
where R is the radius of the earth, h; is the mean iono pheric height and 9 is the zenith distance to the satellite.
For simplicity, we call the term sec x as the geometrical factor, D . This leads to eqn. (14) 
We earlier as umed that there is no significant change in the vertical electron content below any two consecutive satellite position over the short pass duration . The maximum distance between the two position is about 200 km. Mendoca (1962) reported a maximum change of about 25 per cent in the electron content between two points separated by 1000 km in the north-south direction at the height of 400 km above the earth. It is expected that 200 km separation the maximum error introduced by this assumption would be much less . In otherword , we may assume that, This results in eqn. (16) : ionospheric contribution to Doppler count, in cycles, D 1 ,D 2 : geometrical factor when the satellite is at position 1 and 2 respectively, and, f : frequency utilized, in Hz. From the above expression, it can be seen that it is possible to calculate the vertical electron content, I below the satellite trajectory. The only variables present are the ionospheric contribution to the Doppler counts, 6 12 , and the difference in geometrical factors evaluated at two consecutive points.
Computation of the Vertical Electron Content
The Doppler Count Observations For the purpose of this investigation, a total of 83 Transit passes were observed and accepted as shown in Table 1 .0. A dual frequency Transit Doppler receiver was used for the observation. The receiver is capable of measuring the Doppler counts at 150 MHz and 400 MHz frequency up to 9 digits. For each pass, at least 18 Doppler counts (30-second counts) at both frequencies were recorded.
The differences in Doppler counts 6 11 at 400 MHZ contributed by the presence of the ionosphere were computed using eqn. (10).
Figures 2.0 and 3.0 show plots of 6 12 for two passes during the same day corresponding to a daytime and a nighttime pass respectively. There is significant increase in 6 2 between the two passes. This is abviously due to the diurnal variation of the electron density which is higher during the daytime than at nighttime.
The curve representing the varying values of 6 11 in Figure 3 .0 is not as smooth as that in Figure 2 .0.
This was observed to be typical for passes with maximum elevation of more than 75 degrees.
The maximum resolution in recording the Doppler counts for both the 150 MHz and 400 MHz frequency is about 0.5 count. This contributes an expected error due to the limit in resolution of about 0.2 counts in 6 12 • To reduce some of this effect, a simple three-point moving average may be used.
Reduction of the Vertical Electron Content
The vertical electron content was computed using the differences in Doppler counts 6 12 as the observable in eqn. (18).
Figures 4.0 and 5.0 shows the vertical electron content, I", from two different passes-at daytime and nighttime respectively-as derived using 6 12 . Similar to 6 12 , the values of Iv are higher in the daytime than at night when there is no solar radiation. On the average, the maximum daily values of the vertical electron content which usually occurs about noon local time were found to be about three time higher than the nighttime mean values as shown in Figure 6 .0. Figure 7 .0 shows the values of the vertical electron content derived from the accepted Transit passes over the period from day 221 to day 227. The figures confirm the existence of the duirnal variation of the electro n content due mainly to solar radiation.
Conclusion
It should be stressed here that, the method described can only be used for estimation purposes only. For most applications where only an estimation in the vertical electron content is needed, this approach offers a simple and quick way toward that goal. The only factor that may contribute to errors in the estimation procedure is directly related to the assumptions made on the state of the ionosphere in the development of the algorithm. Leitinger, R., Schmidt, G. and Taurtainen, A. (1975) . "An Evaluation Method combining the Differential Doppler Measurements From Two Stations that Enables the calculation ofthe Electron content of the Ionosphere". J Geophys. 41 , pp 201 -213. Mendoca, F.D (1962) . "Ionospheric Electron content and variations measured by Doppler Shifts in Satellite Transmission" Journal of Geophysical Research, Vol. 67, No.6, pp 2315 -2337 . Weiffenbach, G.C. (1965 . "Tropospheric and Ionospheric Propagation Effects on Satellite Radio-Doppler Geodesy". Proceedings of the Electromagnetic Distance Measurements Symposium at Oxford, University of Toronto Press, Toronto. Wells, D.E. (1974), "Doppler Satellite Control". Technical Report No. 29, Dept. of Surveying Engineering, U.N.B. 
